Sixteen USEPA priority polycyclic aromatic hydrocarbons (PAHs) extracted by Soxhlet extraction (S-PAHs) with dichloromethane and routine accelerated solvent extraction (A-PAHs) with 1:1 toluene/methanol, respectively, were investigated in 24 soil samples from two cities in the center of the Pearl River Delta, South China. Polycyclic aromatic hydrocarbons, methylphenanthrene and perylene, in two soils, two sediments, and an immature oil shale were also sequentially extracted by accelerated solvent extraction (ASE) with each of four diff erent organic solvents for three times. Th e A-PAHs' concentrations are 2.41 times the S-PAHs' concentrations. For sequential three ASEs, PAHs in the fi rst extract account for 56 to 67% of their total concentrations in the sequential three extractions and toluene displays the best extraction performance among the four solvents. Diagnostic ratios of PAHs in Soxhlet extraction, routine ASE, and sequential ASE with each solvent for a given sample are very similar, suggesting their identical petrogenic and pyrogenic sources in the soils and sediments. But the PAH ratios for the shale have an obvious petrogenic origin. Th e perylene/5-ring PAH ratios indicate a diagenetic source, especially in the shale and sediments. Th e correlation analysis shows that A-PAHs/S-PAHs is better associated with the contents of total organic carbon (TOC) than those of black carbon (BC). Th e above results indicate the signifi cant petrogenic origin of PAHs and the important eff ect of organic matter on their extraction and distribution in the investigated fi eld soils/sediments.
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Xiaoxuan Ma Chinese Academy of Sciences, Shandong University of Technology Yong Ran* Chinese Academy of Sciences Jian Gong Chinese Academy of Sciences, Guangzhou University Diyun Chen Guangzhou University S orption/desorption and sequestration of organic contaminants play a major role on their distribution, transport, bioavailability, and fate in soils and sediments Grathwohl, 1990; Ran et al., 2007b) . Th e total PAH concentrations could not represent their bioavailability. Bioavailability and biological uptake of PAHs are dependent on their aqueous concentrations in soils and sediments (Hawthorne et al., 2001) . Th us, the sorption/desorption of PAHs is very important as it decides the risk of those chemicals to human or ecological receptors.
Because soil/sediment organic matter (SOM) diff ers in polarity, elemental composition, aromaticity, condensation, and degree of diagenetic evolution from a loose polymer to condensed structures, heterogeneity of SOM is relevant to sorption, sequestration, extraction, distribution, and fate of hydrophobic organic compounds (HOCs) such as PAHs and DDTs [1,1,1-trichloro-2,2-bis-(pchlorophenyl) ethane], etc. (Weber et al., 1992; Carroll et al., 1994; Xing et al., 1996; Ran et al., 2002) . Th e concept of "soft carbon" (expanded or rubbery) and "hard carbon" (condensed or glassy) was put forward to describe the heterogeneity of natural organic matter and the sorption mechanisms by soils and sediments (Weber et al., 1992; Xing and Pignatello, 1997) . Moreover, hard or condensed SOM, such as kerogens, coals, and black carbon (BC), is rich in native PAHs (Jonker and Koelmans, 2002a; Radke et al., 1984 Radke et al., , 2000 and could be major components of SOM in soils and sediments (Blair et al., 2003; Ran et al., 2007a , 2009 , Yang et al., 2008 . In one recent investigation on the seven soil/sediment samples in the Pearl River Delta (PRD) (Ran et al., 2007a) , it was found that condensed organic matter, such as kerogen, aged organic matter, and BC, is relevant to the extraction and distribution of native PAHs. Th e PAH contents extracted by the three-time accelerated solvent extraction (ASE) is 2.11 times those by the Soxhlet extraction method. Furthermore, some investigations had also shown that many chemicals formed freely extractable, lipid-bound, and nonhydrolyzable residues in soil and sediments (Beller and Simoneit, 1997; Northcott and Jones, 2000; Mead and Goni, 2008) . But the understanding of the processes responsible for bound residue formation and the subsequent environmental fate of bound residues is limited.
In this study, we used more samples including a shale, and ASE with four diff erent solvents for three times to explore the underlying mechanism for variable extraction effi ciency between the Soxhlet extraction and ASE methods. We compared the PAH contents extracted by these two methods and correlated them with total organic carbon (TOC) and BC. We also investigated the PAH contents, including methylphenanthrene and perylene, and their diagnostic ratios to understand the eff ect of slow adsorption/desorption on the source identification and solvent extraction of PAHs.
Experimental Section

Sample Collection
In August 2004, 24 surface soils (0 to 20cm) were collected in Dongguan and Foshan. In addition, two moderately contaminated surface soils (HP and LW) in Guangzhou, two surface river sediments (0 to 20 cm) (BJ and ST) in the Pearl River, and one shale in Maoming, Guangdong, were collected (Fig. 1) . Th e soil and sediment samples were kept at −18°C until further analysis.
Soxhlet Extraction
Detailed descriptions of the analytical procedure, namely extraction, separation, and analysis of PAHs for the samples, were detailed elsewhere (Mai et al., 2002 (Mai et al., , 2003 . In the laboratory, the samples were thawed and frozen-dried under −47°C for 24 h, pulverized, and sieved through a 100-meshed stainless steel mesh. A mixture of deuterated PAHs surrogate standards (naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12, and perylene-d12) was added to a given soil sample. Activated copper was added for desulfurization. About 15 g of each sample was Soxhlet-extracted for 72 h with dichloromethane redistilled in glass distillation. Th e extract was concentrated and solvent exchanged to hexane, using a rotary evaporator and then purifi ed using a 1:2 aluminum/silica column chromatography. Th e fi rst fraction containing aliphatic hydrocarbons was eluted with 15 ml of hexane. Th e second fraction containing PAHs was eluted with a 70-ml mixture of DCM and hexane (v:v 30:70) . Th en, the latter fraction was concentrated to 0.2 mL under a gentle nitrogen stream for further instrument analysis.
Accelerated Solvent Extraction
Accelerated solvent extraction has been used to extract various hydrophobic organic compounds from diff erent environmental samples. Some studies have made a comparison between ASE and Soxhlet extraction, and found that the performance of ASE was consistently equivalent to or better than Soxhlet extraction (Hubert et al., 2000; Bandh et al., 2000) . Th e ASE (Dionex300) is an automated system for extracting organic compounds from a variety of solid samples. Accelerated solvent extraction accelerates the traditional extraction process by using solvents at elevated temperatures under a pressure of 1500 psi. About 10 g for each of the soil samples were packed into the extraction cell with glassfi ber fi lters (1 μm pore diameter) at each end to prevent fi ne particles eluting into the collection bottles. Th e routine ASE uses a mixture of methanol and toluene (1:1). During the extraction, each extraction cycle lasts 5 min at 150°C as usually done during ASE. After two cycles of extraction, the extracts were fl ushed into a collection bottle and the packed cell was rinsed again with 60% volume of the same solvent and fl ushed into the same collection bottle, and fi nally purged with gaseous nitrogen for 1 min.
Th e sequential ASE used toluene, pyridine, tetrahydrofuran (THF), and a mixture of solvent methanol, acetone, and benzene (V/V 1:2.5:2.5, MAB) at 120°C, respectively. Each sample was sequentially extracted three times. Each time, the process consisted of two 5-min extraction cycles as detailed above. Th e organic solvent extract was spiked with known quantities of the above-mentioned fi ve deuterated PAHs, concentrated and solvent-exchanged to hexane, and purifi ed using the same procedure as the Soxhlet extraction.
Instrumental Analysis
A known quantity of hexamethylbenzene was added to the sample concentrates before the instrumental analysis as an internal standard to quantify PAHs. Th e PAHs were analyzed using an HP-5890 (Hewlett-Packard, Palo Alto, CA), equipped with a 30-m HP-5 MS capillary column, coupled with an HP-5972 mass spectrometer, and operated in the electron impact mode (70eV). Th e chromatographic conditions were as follows: injector temperature, 280°C; and temperature program, 60°C for 5min, 60 to 290°C at 3°C/min, and 290°C for 40min. Th e carrier gas was helium at a constant fl ow rate of 1.5 mL/min. Th e 1-μL sample was injected with splitless model.
Quality Control and Quality Assurance
Th e GC-MS analysis instrument was calibrated daily with calibration standards and the relative percent diff erence between the fi ve-point calibration and daily calibration was no more than 20%. Method blanks, duplicate samples, spiked blanks (standards spiked into solvent), matrix spikes/matrix spike duplicates, and a National Institute of Standards and Technology standard reference material (NIST SRM 1941) sample were also analyzed routinely with the fi eld samples. In addition, surrogate standards were added to each of the samples to monitor procedural performance and matrix eff ect. Th e recovery ratios for the surrogates in the samples conform to the reported ranges by USEPA. Th e average recoveries for the surrogates naphthalene-d8, acenaphthene-d10, phenanthrene-d10, chrysene-d12, and perylened12 in all the samples were 43.2 ± 9.80%, 66.7 ± 10.9%, 83.8 ± 11.0%, 77.6 ± 8.70%, and 97.2 ± 14.6%, respectively. Measured concentrations of target analytes in the NIST SRM 1941 were within 80 to 120% of the certifi ed values provided by NIST. For the duplicate analyses of the selected samples, the standard variations ranged from 1.00 to 51.5 μg/kg, with an average of 13.4 μg/kg, whereas the relative variations ranged from 0.60 to 17.4%, with an average of 4.70% (Supplemental Fig. S1 ).
Analysis of Organic Carbon and Black Carbon
Th e analytical methods for organic carbon and BC (soot carbon) in the soil samples were reported in the reference (Gustafsson et al., 1997; Ran et al., 2002) . In brief, about 5 g of the frozendried soil sample was treated with 10% HCl for 24 h to remove inorganic carbon and then dried overnight at 105°C. A portion of the treated sample was used for the TOC measurement. Subsample of the treated soil was further thermally oxidized in a muffl e furnace at 375°C for 24 h in an oxygen-saturated atmosphere. Th e sample was reweighed and used for the BC measurement. Elemental composition of organic matter was quantifi ed on an elemental analyzer (Vario EL III, Elementar, Germany). Acetanilide was used as the external standard.
Results and Discussion
Polycyclic Aromatic Hydrocarbon Contents by Soxhlet Extraction and Routine ASE
Th e 16 USEPA priority PAH concentrations extracted by the Soxhlet extraction (S-PAHs) ranged from 91.0 to 359 μg/kg, with an average of 220 μg/kg. Individual PAH concentration varied considerably in the soil samples. Th e contents of acenaphthylene and acenaphthene are very low in these soil samples. As naphthalene is volatile and its recovery ratio is relatively low during the measurement, we will not discuss it. Five PAH compounds (phenanthrene, fl uranthene, pyrene, chrysene, and benzo[b]-fl uranthene) dominate the total 16 PAHs and their contents account for 49 to 77% of the total PAHs, with an average of 68% in the soil samples. Th is is typical PAH composition in urban soils, which are mainly derived from industrial and traffi c pollution (Wilcke and Amelung, 2000; Scolo et al., 2000) . Th e typical endogenous PAHs in soils are in the range of 1.0 to 10 μg/kg (Edwards, 1983) . Th ey are mainly derived from oil seeps, bitumens, coal, plant debris, forest, and prairie fi re (Yunker et al., 2002) . Th e contents of PAHs in the soil samples of Guangzhou were obviously higher than the background value (Chen et al., 2005; Ma et al., 2008) . Even the soil PAHs in Dongguan and Foshan (with less industry and traffi c) were higher than the background value (Fig. 2) .
Th e A-PAHs contents extracted by the routine ASE ranged from 104 to 945 μg/kg, with an average of 349 μg/kg. Statistic analysis showed that PAHs by the Soxhlet extraction and the ASE displayed a highly signifi cant correlation (Fig. 2) . From the slope in Fig. 2 , it is known that the PAHs contents by the routine ASE are on average 2.41 times those by the Soxhlet extraction. Th e high extraction effi ciency for ASE is partially due to its higher operation temperature under its high operation pressure. Under high temperature, because of the strengthening of molecule movement, the sorption between the solute molecule and sample matrix greatly decreases. In our study, the operation temperature is 150°C, which is 120°C more than the operation temperature of the Soxhlet extraction. According to the Van't Hoff 's law, the velocity of a reaction process is greatly enlarged at a higher temperature. On the other hand, as the solvent has lower viscosity and surface tensility under higher temperature, it easily penetrates through the soil sample. So it is expected that ASE achieves higher extraction efficiency than the Soxhlet extraction. Th e above result demonstrates that ASE is a very eff ective, quick extraction method for contaminated materials with high contents of condensed SOM. Th is result is also consistent with other observations that the ASE method is more eff ective than the Soxhlet extraction method (Hubert et al., 2000; Bandh et al., 2000; Ran et al., 2007a) .
PAHs Contents by Sequential ASE
Th e PAHs contents in the selected samples were sequentially determined by ASE for three times. We used four solventstoluene, pyridine, THF, and MAB-for the PAH extraction. Th ese solvents are widely used in the organic geochemistry study. Th e result showed that the PAH contents in the fi rst extraction accounted for 55.5 to 67.1% of the total contents extracted by the three extractions. Th e second and third extraction steps accounted for 23.3 to 30.8% and 7.60 to 14.5%, respectively, of the total PAH contents (Table 1) . Moreover, it is estimated from the slope in Fig. 2 that PAHs by the sequential three ASE are 3.6 to 4.3 times those by the traditional Soxhlet extraction. Th is suggests that a considerable portion of PAHs is hard to be extracted by the fi rst ASE and Soxhlet extraction.
Th e PAHs in the shale are 3503, 1724, and 908 μg/kg, respectively, in the sequential three ASE with toluene and are the highest among the fi ve samples (Table 1) . Immature kerogens and low rank coals were reported to contain very high concentrations of PAHs (Radke et al., 1984 (Radke et al., , 2000 . Th e contents of total PAHs in the soil sample LW are higher than those in HP, as the sample site LW is close to the center of Guangzhou, a city with developed industry and traffi c. For two sediment samples, the PAHs contents in the ST sample are higher than those of BJ, because the BJ sample is from the upper section of the Pearl River, which contains less contamination than the ST sample. For the four solvents we used, the contents of PAHs extracted by THF are the lowest among the four solvents. Th e toluene solvent appears to be the best solvent among the three solvents for the shale sample due to its great aromaticity compared to the other two solvents. Its extraction mechanism is detailed in the "Mechanism for the PAHs Extraction" section. Th e other two solvents achieved a similar extraction performance (Table 1) .
Source Identifi cation of PAHs
Th e PAH profi les from two soils, two sediments, and shale in the sequential three ASE extracts are displayed in Fig. 3 . Th e shale and BJ sediment contain high concentrations of low molecular PAHs, which are typical of petrogenic origins. Pyrolytic sources, characterized by the predominance of 4-to 6-ring PAHs relative to 2-to 3-ring PAHs, were also noteworthy in the two sediments and two soils (Fig. 3) . Moreover, concentration ratios of parent PAHs are often used to distinguish between combustion and petroleum sources (Yunker et al., 2002; Zakaria et al., 2002) . Th e diagnostic ratios of PAHs by ASE and Soxhlet for a given soil are almost the same (Supplemental Fig. S2c ), indicating the same source in the soils and the consistent source identifi cation of PAHs by the two extraction methods.
Ratio of fl uoranthene to the sum of fl uoranthene and pyrene (Flu/Flu+Py) is used to distinguish petrogenic and pyrogenic sources of PAHs (Yunker et al., 2002) . Th e ratio <0.40 indicates the petroleum source and one >0.50 suggests the source of wood and coal combustion, whereas the ratio between 0.40 and 0.50 is characteristic of liquid fossil fuel combustion (Yunker et al., 2002) . As the ratio of Flu/Flu+Py is >0.50 by both the Soxhlet extraction and routine ASE for most of the studied samples (Fig.  4a) , it suggests a wood and coal combustion source for PAHs. In Dongguan and Foshan, there are several steel works and electric power plants, and many cement, pottery, and porcelain plants, and brickfi elds, which could be the source of coal combustion. Th e ratio of benz[a]anthracene vs. benz [a] anthracene plus chrysene (BaA/BaA+Chr) <0.20 implies a petroleum source; that between 0.20 and 0.35 suggests mixed sources of petroleum and combustion; and a ratio >0.35 suggests a combustion origin (Yunker et al., 2002) . From Fig. 4b , the ratios are between 0.20 and 0.35 for most of the soil samples, suggesting a mixed source of petroleum and combustion for PAHs.
Besides the ratios of parent PAH congeners, information from alkyl homolog of phenanthrene is often used for source identifi cation of PAHs. For example, the ratio of methylphenanthrene vs. phenanthrene (MP/P) is a widely used index to distinguish the source of PAHs (Mai et al., 2003) . MP/P ratios in combustion mixtures are usually <1, whereas MP/P ratios in unburned fossil fuel usually range from 2 to 6. For most of the investigated samples, the ratios of MP/P range from 1 to 2 (Supplemental Fig. S2a,b) , indicating a mixed source of both petroleum and combustion. From the above ratios, it is concluded that the source of PAHs in the soils is a typical mixture of petroleum and combustion.
For the sequential ASE, it can be found that for a given sample, each extract of the three extractions by a given solvent has almost the same ratios, displaying a similar source of PAHs in each of the sequential ASE extracts. For the shale sample, PAH ratios have an obvious petrogenic origin (Fig. 4) because shale is a sedimentary rock. Th e ratios of Flu/Flu+Py in the two soil samples and two sediment samples studied are >0.50, indicating a combustion source of coal and wood (Fig. 4) . It can be seen from Fig. 5 that the ratio of MP/P in all the soil and sediment samples are <1, indicating combustion sources of PAHs in the samples, too. Th e ratios of BaA/BaA+Chr for the soil sample HP and the sediment sample ST are >0.35, indicating a combustion source of PAHs for those two samples. In the soil sample LW and other sample BJ, BaA/BaA+Chr ratios are between 0.20 and 0.35, suggesting a mixture source of petroleum and combustion. From the above PAH ratios, it can be inferred an origin of both pyrogenic and petrogenic PAHs by the sequential ASE in the soil and sediment samples, which is similar to the PAH source in the above soil samples investigated by the Soxhlet extraction and routine ASE.
Perylene as Indicator of Petrogenic Origin
Perylene as a biomarker to refl ect the diagenetic process has been used in environmental and geochemical research (Venkatesan, 1988; Mai et al., 2003) . High concentrations of perylene have been reported in anoxic aquatic sediments with high biological productivity (Venkatesan, 1988) . Perylene >10% of total penta-cyclic aromatic isomers indicates a diagenetic input, whereas <10% suggests a pyrolytic origin (Venkatesan, 1988) . In our study, the ratios of perylene to total penta-cyclic aromatic isomers (Pery/5-ring PAHs) almost reached 90% in the shale sample because of its diagenetic origin. Th ey are far greater than 10% found in the sediment samples, especially in the sediment BJ, indicating an unambiguous diagenetic source for perylene in the sedimentary environment (Fig.  5) . However, the ratios of Pery/5-ring PAHs in the soil samples are ≥10%, especially in the soil LW, displaying a possible petrogenic origin besides the above mentioned combustion origin in the soil samples. Th e PRD, the studied area, is located in an alluvial plain, with the soil parent materials derived from river sediments. But the ratios of Pery/5-ring PAHs in the soil samples are much lower than those in the shale or sediment samples, indicating that perylene had possibly been degraded more heavily in the oxic surface soil samples than in the anoxic sediment. Th e above result is consistent with other investigations on PAHs in soils and sediments. Kerogen is the most abundant organic matter in the earth's crust. Major input of kerogen to soils and sediments is from the natural weathering processes of sedimentary rocks and coal, since the latter is composed mainly of kerogen and is dispersed during mining operations. As the average kerogen-carbon concentration of the suspended load is about 0.5%, it was estimated that kerogen-carbon fl ux could be 80 Tg C/yr in world rivers, accounting for about 30 to 50% of the organic carbon output of rivers to the world's oceans (Meybeck et al., 1993; Blair et al., 2003) . In PRD, the nonhydrolyzable organic carbon (NHC) composed about 67% of the organic carbon and ancient organic matter older than 50,000 yr accounted for 39 to 49% of the NHC with an average value of 44% (Ran et al., 2009) . So, the ancient organic carbon contributed about 30% of the organic carbon in the soils and sediments in PRD. If the shale's PAH (TOC is 41.5% and PAH about 6135 ng/g) (Table 1) is approximated to those of the ancient organic carbon, it is estimated that the petrogenic PAHs in the investigated soils with an average TOC of 1.38% (Supplemental Table S1 ) amounts to about 61 ng/g, which accounts for about 28% of the total PAHs in the investigated soils. Stout and Emsbo-Mattingly (2008) also found that PAHs in 15 coals with various rank ranged from 38 to 12,000 ng/g organic carbon, with an average of 3504 ng/g organic carbon, and the petrogenic PAHs could amount to about 64 ng/g in sediments. Th e multivariate statistics demonstrated that the contribution of coal and shales to the PAH loading in the sediments from the Gulf of Alaska is 13 and 24%, respectively (Mudge, 2002) . Moreover, as kerogen displays a strong sorption capacity, it plays an important role in regulating the fate and transport of PAHs. So, petrogenetic origin of PAHs is quite important in the investigated samples.
Correlation of PAHs with Total Organic Carbon and Black Carbon
Th e TOC contents range from 0.87 to 3.12% (average of 1.38 ± 0.49%) in the soils and BC contents range from 0.12 to 0.41% (average of 0.23 ± 0.07%), accounting for 11.0 to 24.0% of TOC with an average of 17.7% (Supplemental Table S1 ). Th e estimated BC contents are comparable to the reported values in the literature. For instance, charcoal was reported to account for 5.0 to 45% of TOC for the soils (Schmidt et al., 2001; Song et al., 2002) .
Th e statistical examination between PAHs and TOC or BC in the investigated soils was conducted (Supplemental Fig. S3) . Th e correlation coeffi cients between S-PAHs and TOC (r = 0.71, p < 0.01), and BC (r = 0.67, p < 0.01); and between A-PAHs and TOC (r = 0.86, p < 0.01), and BC (r = 0.67, p < 0.01) are very signifi cant. Th e relationships of diff erent cyclic PAHs extracted by Soxhlet extraction or ASE with TOC or BC were also analyzed. It was found that PAHs for each of the diff erent cyclic numbers exhibited a signifi cant relationship with TOC and BC, respectively (Supplemental Table S3 ). Moreover, the correlation of A-PAHs/S-PAHs with TOC (r = 0.74, p < 0.01) is better than with BC (r = 0.49, p < 0.05) (Supplemental Fig.  S3 ). Th is result confi rms our previous conclusion that condensed organic carbon, such as kerogen and aged organic matter, besides BC, is important to the distribution, extraction, and sorption of PAHs in fi eld soils (Ran et al., 2007a) . Th e preferential association of PAHs with carbonaceous particles, such as kerogens and coals, has been reported in soils and sediments by many investigators (McGroddy and Farrington, 1995; Maruya et al., 1996; Ghosh et al., 2000; Jonker and Koelmans, 2002) . Th erefore, good correlation between PAHs and TOC is expected ( Supplemental  Fig. S3 ).
Mechanism for the PAHs Extraction
Th e condensed, glassy SOM in the soils, sediments, and shale is likely to play a very important role on the slow desorption process of PAHs in the sequential extraction. Th e glassy SOM phase will turn to the rubbery phase at a critical temperature (Tg). Organic solvents will be benefi cial to this process . When the glassy phase turns to the rubbery phase, swelling will possibly take place during the micropore domain. Th e PAHs entrapped in them would diff use out more easily after SOM is expanded than before.
According to Jonker's investigation, the extraction of PAHs from soot and coal was explained by a two-step mechanism involving swelling of the sorbent matrix and subsequent displacement of sorbates by solvent molecules (Jonker and Koelmans, 2002b) . Th e solvent of a small molecule, such as methanol, can easily penetrate into small pores or interlayer spaces of SOM, causing swelling within the physically restricted areas and exposing the original, less-accessible sorption domains to the bulk solvent. Hence, the mixed solvents of methanol and toluene can be expected as the effi cient extraction solvent for PAHs in the investigated soils and sediments (Fig. 2) . Th is solvent mixture off ers a perfect combination of a small molecular solvent methanol that leads to optimal swelling and a high displacement capacity solvent toluene, which has aromatic property. In the sequential ASE for the soil and sediment samples, diff erent solvents used have their own features. Toluene has a high displacement capacity for PAH molecules as discussed above. Th e MAB solvent, which contains benzene and methanol, is similar to the mixed solvent of methanol and toluene. Pyridine has both aromatic carbon and strong molecule polarity, and can help the transformation process of glass carbon to rubbery carbon Larsen and Li, 1994) . So it can be understood that these three solvents achieve a good extraction performance (Table 1) . However, as THF is a solvent without aromatic carbon and good swelling ability, it is not a good extraction solvent as demonstrated (Table 1 ).
Summary and Environmental Implication
Historically contaminated (aged) and geosorbent samples, where contact times may have been years and decades, can be enriched in the slow fraction due to partial dissipation or degradation of more labile fractions before collection Hawthorne et al., 2001) . When the total contaminant present must be determined by extraction as in many fi eld samples or in spiked samples where uncertain losses occurred during an experiment, the choice of extraction conditions is important to ensure complete recovery of the analyte. Extraction methods are commonly validated with freshly spiked soil samples. Unfortunately, validation is seldom performed on aged samples that are enriched in resistant fractions. As demonstrated in this study ( Fig. 2 and Table 1), PAHs by routine ASE and sequential three extractions with each of the four solvents are 2.4 and about 3.6 to 4.3 times those by traditional Soxhlet extraction, respectively. To our knowledge, there are few investigators having used sequential ASEs to study source and fate of PAHs in soils and sediments, except for our previous investigation on PAHs in the seven soils and sediments (Ran et al., 2007a) .
As the slow fraction is likely to have been underestimated due to incomplete recovery in some studies, this can lead to erroneous conclusions when some process of interest is being measured against the mass of contaminant believed to be present. For example, one may deem that biodegradation is successful when actually loss of only the labile fraction has been evaluated. Moreover, as the desorption kinetics in fate and eff ects models is very important in fi eld samples, the initial mass of contaminants must be accurately known to better follow the fate of PAHs or organic contaminants. Finally, the fl ux, inventory, and budget of PAHs are often estimated using the Soxhlet-extracted PAHs. Th ey can be underestimated if total PAHs in soils and sediments with the Soxhlet extraction are not correctly analyzed, as this investigation demonstrated. 
